Introduction
In the global carbon cycle, rivers have a critical role in connecting terrestrial, oceanic and atmospheric carbon reservoirs. River water transports atmospheric and terrestrial carbon to the ocean. Of the portion that originates from the atmosphere, organic carbon is formed by the photosynthesis reaction; the fraction of atmospheric carbon, that is, dissolved inorganic carbon (DIC) comes from soil CO 2 , fixed from the atmosphere by the weathering of rocks and air-water exchange. Of the terrestrial portion, DIC and particulate inorganic carbon (PIC) are associated with the weathering of rock. Total global riverine carbon flux is 0.80-1.33 Pg C/y [1 ,2,3 ,4 ,5-9,10 ].
Two approaches are available for estimating global fluvial carbon fluxes. One uses carbon data for large rivers in various regions. For instance, Meybeck [11] estimated global DIC and PIC fluxes (0.38 Pg C/y and 0.17 Pg C/y) based on data for 60 large rivers or groups of rivers that together are responsible for 63% of global river discharge, and considered runoff and average watershed temperature to obtain information regarding the other 37%. Ludwig et al. Prior investigations [1 ,4 ] have classified riverine data concerning various climates to predict regional carbon fluxes. Of these climates, the humid tropical climate is associated with the highest carbon yield. The tropical region (308N-308S) includes 42.7% by area of the world's land, but contributes a disproportionate 66.2% of global freshwater outflow, 73.2% of sediment load and over 61% of terrestrial net primary production [13, 14 ]. Therefore, tropical rivers are critical to total global fluvial carbon flux. Unfortunately, prior studies for global fluvial carbon fluxes are incomplete because only a few large tropical rivers are considered, and available PIC data are even more limited. Related investigations have generally not included carbon fluxes in tropical Asia and in small rivers. This study reviews published data for 80 tropical (308N-308S) rivers, most of which are large. These data are supplemented by unpublished information concerning 95 rivers, most of which are small, in Southeast and South Asia.
Data
This investigation compiles carbon parameters concerning 175 rivers between 308N and 308S. Data for 80 of these rivers are taken from the literature while the data for the other 95 are unpublished data of CTA Chen, one of the coauthors, and concern rivers in both South and Southeast Asia (Figure 1 ). The discharge data are obtained from the Global Runoff Data Center (GRDC) and are co-registered by the Simulated Topological Network (0.58latitude Â 0.58longitude; STN-30). These data describe the global system of around 6200 drainage basins [15, 16] . The sediment fluxes are calculated using the water balance and transport model of the University of New Hampshire (WBM/WTM; [14 ] ). These discharge data concern 219, 392, 603 and 144 rivers in tropical Africa, the Americas, Asia and Oceania, respectively.
Reported global discharges (37,400-42,000 km 3 /y; [12,14 ,17,18] ) are consistent with the GRDC data (38,540 km 3 /y). The global sediment load determined using WBM/WTM (12,610 Mt/y), however, is somewhat lower than previous estimates (13,505-20,000 Mt/y; [12, 13, 19, 20] ). This fact may result in some differences between the findings of this investigation and those of earlier studies. Furthermore, human activities have reduced the sediment load [21] , and this effect is ignored herein in this study. The data on soil organic carbon density and river slope were released by the Global Soil Data Task 
Method
A tropical river is defined herein as one for which more than 60% of its river basin is within the range of latitudes from 308N to 308S. For instance, the Mississippi River is not included because 99% of the river basin is located north of 308N. On the other hand, the Paraná Rivers are included, because 92% of their basins are north of 308S, despite the fact that the estuary is situated close to 358S. The DIC database covers 63.5% of the total water discharge of all tropical rivers, while the DOC database covers 54.9% of the total water discharge. The PIC and POC databases cover rivers that carry 11.4% and 49.7%, respectively, of the sediment load of tropical rivers.
To estimate the carbon fluxes of rivers for which no data are available, four approaches are utilized to obtain data for the various carbon components. The first is based on the Kö ppen climate classification and known DIC and DOC concentrations in adjacent regions. The Kö ppen climate classification separates climates into five main groups -tropical, dry, temperate, continental and polar (Figure 1 ). For each river basin, the percentages of the total area of the basin that is associated with these five main groups are calculated, and unknown carbon concentrations are estimated using the known contributions of different climate groups. 
The fourth approach uses the known PIC percentage in nearby regions to estimate the weighted mean PIC in the region of interest (weighted mean PIC in a continent = (river sediment load Â PIC%)/(river sediment load) (3)). Notably, all of the above determine fluxes to the estuaries in which the biogeochemistry is complex (Chen et al.
[24] and Cai et al.
[25], for example). The amount of carbon that actually enters the oceans is not examined here.
Inorganic carbon
Inorganic carbon is the largest component of the fluvial carbon that is delivered to the ocean. Riverine inorganic carbon is formed mostly by the weathering of carbonate and silicate minerals as follows:
Inorganic carbon comprises PIC and DIC, and their concentrations are causally related. PIC may be precipitated when river water becomes oversaturated with In this investigation, DIC, HCO 3 À and alkalinity (a widely used inorganic carbon parameter) are assumed to be identical. Most published data are presented as concentration of HCO 3 À or alkalinity.
The mean discharge-weighted DIC concentrations vary by a factor of four among the tropical regions of various continents. They are 395, 434, 1064 and 1781 mM in tropical Africa, the Americas, Asia and Oceania, respectively (Table 1) . Lithology is responsible for most of the variation. The percentage of carbonate rock, which has the highest weathering rate, is highest in Asia and lowest in South America [30 ] . Tropical rivers provide 48-64% (0.21 Pg C/y) of the total global DIC flux, which is less than the proportion of global water discharge for which they are responsible (66.2%). The specific DIC yield (flux/area) varies by a factor of 15; the values are 0.63, 3.33, 9.79 and 3.38 gC/m 2 /y in tropical Africa, the Americas, Asia and Oceania, respectively (Table 1 ). The DIC flux in Asia is the highest among the four regions, mainly because the percentage of carbonate rock is highest there. The discharge in Asia is the second highest and the ratio of freshwater discharge to land area is the highest (Table  1) Table 1 Basic information and mean concentrations of carbonate species and fluxes for tropical rivers of the four continents. The mean discharge-weighted DOC concentrations are 616, 411, 431, 399 mM in tropical Africa, the Americas, Asia and Oceania, respectively (Table 1) . Equatorial rivers between 38N and 68S have higher DOC concentrations than those at other latitudes, and the pattern of DOC distribution is similar to the distribution of soil organic carbon density in the tropical region (Figure 3b) The global riverine particulate organic material flux is estimated to be 0.17-0.20 Pg C/y [8, 12] . Owing to a lack of data, the summary of the POC concentrations in, and fluxes from, tropical rivers are subject to a larger error than for DIC. In this investigation, the POC percentage in suspended particles non-linearly decreases as TSM concentration increases, indicating that riverine POC is diluted with high concentrations of mineral matter that enters rivers through various erosion processes [12] . TSM concentration is estimated: herein as annual sediment flux divided by the discharge. This approach may underestimate tropical POC fluxes, however, because riverine POC flux increases exponentially in small mountainous rivers following a typhoon, which is a high-intensity, low-frequency event [47] . Additionally, the enhancement of soil erosion by agricultural processes has increased POC input [48] . The weightedaverage POC percentages of TSM are 1.27, 1.92, 1.23 and 1.44 in tropical Africa, the Americas, Asia and Oceania, respectively (Table 1) .
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Conclusions
This investigation estimated fluvial carbon fluxes of tropical rivers from carbonate data for 175 rivers. Tropical rivers provide 0.53 Pg C/y of riverine carbon to the oceans, of which 39.8% is DIC, 25.7% is DOC, 9.7% is PIC, and 24.8% is POC. The largest DIC flux within the tropical region is found in Asia, because the DIC concentration is highest there and the discharge is second highest. The Americas have the highest DOC flux in the tropical area, owing to the sheer volume of discharge. The highest PIC flux in tropical regions is also found in the Americas because they have the highest PIC/TSM ratio and the second highest sediment load. Asia has the highest specific carbon yields in the tropical region, because of the high ratios of discharge to surface area, and sediment load to surface area. Anthropogenic activities, however, such as reducing sediment load and increasing the amount of detrital organic matter in rivers, may continue to change the fluvial carbon fluxes of tropical rivers. 
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